The Konservat-Lagerstätte Menat (Paleocene; France) - an overview and new insights by Wedmann, S. et al.
189
Geologica Acta, Vol.16, Nº 2, June 2018, 189-213, I-V
DOI: 10.1344/GeologicaActa2018.16.2.5
 S. Wedmann, D. Uhl, T. Lehmann, R. Garrouste, A. Nel, B. Gomez, K. Smith, S.F.K. Schaal, 2018 CC BY-SA
The Konservat-Lagerstätte Menat (Paleocene; France) – an 
overview and new insights
S. WedMann1     d. uhl2,3,4     T. lehMann2     r. GarrouSTe5     a. nel5     B. GoMez6     K. SMiTh2    S.F.K. Schaal2
1Senckenberg Forschungsstation Grube Messel, Forschungsinstitut Senckenberg
Markstraße 35, 64409 Messel, Germany.   E-mail: sonja.wedmann@senckenberg.de
2Senckenberg Forschungsinstitut und naturmuseum Frankfurt
Senckenberganlage 25, 60325, Frankfurt am Main, Germany.   Uhl E-mail: dieter.uhl@senckenberg.de
Lehmann E-mail: thomas.lehmann@senckenberg.de
Smith E-mail: krister.smith@senckenberg.de
Schaal E-mail: stephan.schaal@senckenberg.de
3Senckenberg center for human evolution and Palaeoenvironment, institut für Geowissenschaften, universität Tübingen
Sigwartstraße 10, 72076, Tübingen, Germany
4Programa de Pós-Graduação em ambiente e desenvolvimento (PPGad). centro universitário uniVaTeS
95.900-000, Lajeado, Rio Grande do Sul, Brazil
5Muséum national d’histoire naturelle, institute de Systématique, evolution, Biodiversité, iSYeB, uMr 7205 cnrS uPMc ePhe, cP50
45 rue Buffon, F-75005 Paris, France.   Garrouste E-mail: garroust@mnhn.fr
Nel E-mail: anel@mnhn.fr
6université lyon 1 (claude Bernard), enS lyon, observatoire de lyon, cnrS-uMr
5276 LGL-TPE, Campus de la Doua, bâtiment Géode, 2 rue Raphäel Dubois, F-69622 Villeurbanne, France.
E-mail: bernard.gomez@univ-lyon1.fr
The Konservat-Lagerstätte Menat (Puy-de-Dôme, France) is an outstanding archive of a Paleocene ecosystem, 
which was deposited in a former maar lake. Excavations during the last century have yielded an extensive flora 
and fauna record, therefore an overview of the current state of paleontological investigations is given in this paper. 
Additionally, new results based on excavations from the years 2012 to 2014 are presented. The preservation of 
organic matter differed strongly between excavation sites, probably influenced by weathering processes. The 
stratigraphic succession consists mostly of organic-rich clays, intercalated with hard, silicified claystones. In 2013 
and 2014 both impression and compression fossils were collected from different outcrops. Compression fossils 
from organic-rich clays were exceptionally well-preserved and included three-dimensional plant remains. A new 
database on insect paleobiodiversity was compiled. The occurrence of charcoal in almost all horizons investigated 
suggests that paleowildfires were frequent during the Paleocene in the vicinity of the paleolake. The results confirm 
the high potential of the Konservat-Lagerstätte Menat for future paleontological research.
 Menat. Paleocene. Konservat-Lagerstätte. Plants. insects. Vertebrates.KEYWORDS
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INTRODUCTION
The major biotic turnover that occurred immediately 
after the Cretaceous–Paleogene boundary (K/Pg, formerly 
K/T) led to significant extinction of marine and terrestrial 
taxa (e.g. Benton, 1995; Sepkoski, 1996; D’Hondt, 2005; 
Fastovsky and Sheehan, 2005; Lloyd et al., 2008; Longrich 
et al., 2011, 2012). Not all major clades became extinct or 
showed a marked decline in diversity on a global scale. 
For instance, insects were seemingly not affected, at least 
not at systematic levels equal or higher than family (e.g. 
Labandeira and Sepkoski, 1993; Ross et al., 2000; Zherikhin, 
2002; Nel et al., 2010a; Nicholson et al., 2015), while plants 
were only affected temporarily (e.g. Sweet et al., 1990; 
Wilf et al., 2001, 2003, 2005; Labandeira et al., 2002; 
Wappler et al., 2009). Many higher clades of modern aspect 
appeared after the Cretaceous–Paleogene mass extinction, 
especially orders of placental mammals (e.g. Archibald and 
Deutschman, 2001; Rose, 2006). However, the evolutionary 
history of terrestrial taxa during the earliest Paleogene is still 
poorly known in many parts of the world, including Europe. 
In particular, the scarcity of well-preserved fossils from 
the Paleocene obscures the analysis of their evolution and 
development of their biodiversity. 
Plants
Studies on a number of plant-bearing localities from 
the Late Cretaceous and Early Paleogene indicated 
that a significant extinction occurred in North America 
at the K/Pg boundary, with high levels of extinction 
especially among the broad-leaved evergreen vegetation 
(e.g. Wolfe and Upchurch, 1986; Nichols and Johnson, 
2008). Recovery of plant communities in this region was 
generally slow, and for over 10Ma –i.e. the Paleocene– the 
North American plant fossil record is generally formed by 
low diverse assemblages (Wing et al., 1995; Nichols and 
Johnson, 2008). However, the highly diverse Paleocene 
site Castle Rock in Colorado suggests that the recovery 
may have varied very much geographically (Johnson and 
Ellis, 2002).
Although the development of terrestrial vegetation during 
the Paleocene is relatively well studied in North America, 
our understanding of the western and central European 
vegetation during this period is seriously hampered by 
the scarcity of Paleocene sites and because they have not 
been revised since initial descriptions in the 19th and 20th 
centuries (e.g. Kvaček, 2010). Based on earlier works by 
Mai and Walther (1978), Mai (1995) used a system of plant 
assemblages (Florenkomplexe) to characterize vegetation 
development in Europe, but even this system needs to be 
updated with new data. Dealing with the Paleocene, Mai 
(1995) distinguished three main floral assemblages in 
western and central Europe:
i) Eisleben-Roda, based on leaves, fruits and seeds from 
the Eisleben Basin in Germany (Friedrich, 1883; Knobloch 
and Mai, 1986; Mai, 1995; Kvaček, 2010),
ii) Gelinden, based on leaf impressions from this 
locality in Belgium (Saporta and Marion, 1873, 1878; 
Stockmans, 1932a, b, 1960), which are in urgent need of 
taxonomic revision, since they include several enigmatic 
taxa,
iii) Menat, based on the locality of the same name in 
France, as well as a number of other localities in England, 
France and Germany (see Mai, 1995). The flora from 
Menat is known mainly through the publications of Laurent 
(1909, 1911, 1912a, b, 1919), Laurent and Marty (1910, 
1939) and Piton (1940). However, almost no significant 
research has been undertaken on this flora for almost seven 
decades.
Insects
Most extant insect families had their origin in the 
Cretaceous or even earlier (e.g. Grimaldi and Engel, 2005; 
Nicholson et al., 2015). However, little is known about their 
ecological role in the Paleocene. The scarcity of outcrops 
with well-preserved fossil insects from the Late Cretaceous 
to the Eocene is the reason that only a few studies compare 
insect assemblages from different ages. One study, based 
on Middle Eocene ants (Formicidae) from the Messel 
maar showed that the dominance and diversity of different 
subgroups of ants changed substantially from the Middle to 
the Late Eocene (Dlussky and Wedmann, 2012).
The Paleogene is a crucial period for the evolution 
of modern insect communities (Zherikhin, 2002, pg.: 
387). Nonetheless, only a few Paleocene fossil sites with 
abundant insects have been found (e.g. Grimaldi and 
Engel, 2005), which results in a clear underrepresentation 
of the insect fossil record of this stage in comparison with 
the Eocene. In Europe, the two Paleocene fossil sites 
rich in insects are Menat in France (Piton, 1940) and the 
Paleocene-Eocene Fur Formation (Fm.) in Denmark (Rust, 
1999). In Asia, Sakhalin amber has yielded numerous 
insects (Grimaldi and Engel, 2005), and in North America 
the Paskapoo Fm. of South Central Alberta, Canada, is also 
significant (Wighton, 1982).
Vertebrates
Aquatic and semiaquatic amphibians appear to have 
been largely unaffected by the K/Pg event (Bryant, 1989). 
Thus, a recent study based on salamanders suggested 
that diversity declined already towards the end of the 
Cretaceous (Wilson et al., 2014). Among lizards and 
snakes, only Boreoteioidea is thought to have gone extinct 
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at the K/Pg boundary (MacLeod et al., 1997; Evans and 
Jones, 2010). However, extinction at the species level was 
shown to be high in geographic areas where a relatively 
continuous record was available, such as in the western 
interior of North America (Bryant, 1989; Longrich et al., 
2012). Most turtle taxa survived the K/Pg event, although 
the large and fully terrestrial taxon Basilemys went extinct 
in North America (Bryant, 1989; Lyson and Joyce, 2009; 
Holroyd et al., 2014). Similarly, extinction among the 
semiaquatic crocodilians and champsosaurs across the 
K/Pg boundary was low in the western interior of North 
America (Bryant, 1989). In sum, the extinction of basal 
tetrapods was concentrated in terrestrial rather than aquatic 
forms (Sheehan and Fastovky, 1992).
Mammals were strongly affected by the mass 
extinction at the K/Pg boundary (Fastovsky and Bercovici, 
2016; Longrich et al., 2016), with only one third of the 
families present in the Cretaceous surviving into the 
Paleogene (Rose, 2006). Most of them belonged to the 
multituberculate, eutherian and metatherian clades and, 
ultimately, gave rise to the diversity of Cenozoic mammals. 
Soon after the K/Pg, the mammals –especially eutherians– 
experienced an “explosive” (i.e. rapid and extensive) 
adaptive radiation (e.g. McKenna and Bell, 1997; Rose, 
2006). Nearly all modern mammal orders, as well as many 
extinct ones, first appear in the fossil record during the first 
third of the Cenozoic (Rose and Archibald, 2005), leading 
Simpson (1967) to label this time as the “Beginning of the 
Age of Mammals”.
Paleocene eutherian and metatherian taxa, often 
considered primitive or archaic (such as “plesiadapiforms” 
and “condylarths”; e.g. Russell, 1975; Smith et al., 2014), 
are derived either from Late Cretaceous or other Early 
Paleocene lineages (Rose, 2006). They were eventually 
replaced by new Eocene taxa, which constitute the first 
modern mammals (such as primates, perissodactyls and 
artiodactyls). The origin of modern mammalian orders 
is certainly to be found in the Paleocene, but except for 
some specific clades (e.g. carnivoraforms, proboscideans, 
rodents), unambiguous fossil relatives of this age have 
not been found yet (Gheerbrant, 2009; Wu et al., 2012; 
Smith et al., 2014; Solé et al., 2016). While Eocene sites 
yielding mammals are relatively widespread worldwide 
(except for Africa), the Paleocene history of mammals is 
better documented in North America (e.g. Bighorn and 
Wind River basins, Wyoming) and Asia (e.g. Mongolia) 
than in Europe. The few noteworthy European Paleocene 
localities known include Hainin (Belgium; e.g. De Bast et 
al., 2012; De Bast and Smith, 2017), Walbeck (Germany; 
e.g. Russell, 1964; Rose et al., 2015), the sites around 
Mont Berru (France; e.g. Russell, 1964), the new site of 
Rivecourt Petit Pâtis (France; e.g. Smith et al., 2014), 
and Menat (France; e.g. Piton, 1940). Earliest Paleocene 
faunas remain largely unknown, but a few exceptions are 
documented by Peláez-Campomanes et al. (2000) and 
Rose (2006). Because of this rarity, each of the European 
Paleocene localities represents a cornerstone in the 
knowledge of the vertebrate fauna from this epoch.
To sum up, the earliest evolution of the Cenozoic 
flora and fauna in western and central Europe is still 
poorly understood, making it necessary to increase the 
paleontological database of the Paleocene. This would 
enable comparisons with the better-known flora and fauna 
from the Eocene and Oligocene, such as Messel (e.g. 
Schaal and Ziegler, 1992; Lehmann and Schaal, 2011, 
2012; Smith et al., 2018 [In Press]) and Enspel (e.g. 
Wuttke et al., 2010, 2015).
STATE OF THE ART OF THE STUDY OF THE FOSSIL 
SITE MENAT
Location, age and history
The Konservat-Lagerstätte Menat is located in the 
department Puy-de-Dôme of the Auvergne-Rhône-Alpes 
Region (France), in the northwestern part of the Massif 
Central (Fig. 1A). The village of Menat is built atop the 
fossiliferous sedimentary sequence (Fig. 1B). The deposits 
represent an isolated lake basin that is interpreted as a 
maar lake (Vincent et al., 1977; Russell, 1982; Michon and 
Merle, 2001). The chemical composition of the deposits 
is variable, but previous chemical analysis revealed a 
composition of 15–25% carbonates, 50–60% silicates, 
10–15% aluminum and 2–5% iron oxides (Piton, 1940). 
According to Dangeard (1934), most of the lacustrine 
“lignites” and organic-rich deposits of Menat result from 
the accumulation of remains of a single diatom species, 
Amphora subovalis (Bacillariophyceae). It was suggested 
that “the siliceous element of the sediment is related to the 
presence of numerous diatoms as well as to fresh-water 
sponge spicules” (Russell, 1975, pg.: 36). The outcropping 
area of these deposits is about 1000m-long and 600m-wide 
(Fig. 1B; C). The thickness of the lacustrine formation has 
not been determined exactly, but wells indicate a thickness 
of up to 250m (S. Hervet, personal observation).
Based on a fossil primate, a horizon of the sedimentary 
sequence at Menat has been biostratigraphically dated 
as Mid- to Late-Paleocene, and a palynological study 
provided a Thanetian age (Russell, 1967); another 
estimation gives a Selandian age (personal communication 
of P. Gingerich to T. Wappler, in Wedmann et al., 2009). 
Radiometric K/Ar-based dating of basalts (whole-rock) 
and tuffs (hornblende) in the vicinity of Menat yielded 
an average age for the volcanism in this area of ca. 
56Ma (Vincent et al., 1977), which is now equivalent 
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to the Thanetian-Ypresian boundary. This “average age” 
has been repeatedly cited as a reliable absolute age for 
the Menat maar (e.g. Russell, 1982), which is highly 
problematic taking into account the lack of a verified 
connection of the basalts and tuffs with the maar deposits 
(Vincent et al., 1977).
Since the beginning of the 19th century, the village of 
Menat has been known for its diatomite quarries (Monestier 
and Lavina, 1995; Monpied, 2003). The organic-rich clays 
and diatomites were exploited by pre-industrial means 
until around 1873, when a well-equipped factory was 
built outside the village, mainly to avoid intoxication 
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with noxious fumes, at a place called “La Faye” (Laurent, 
1912a). Through different processes (distillation, 
carbonization), the deposits were treated to obtain the “noir 
minéral d’Auvergne” (pigment and fertilizer), the “rouge 
minéral” or “Tripoli” (abrasive) and, later, even a stabilizer 
for nitro-glycerine in the production of dynamite. The 
industrial exploitation of the quarries ceased in the 1950s 
and the factory at “La Faye” was closed in 1964 after a 
brief conversion to a ceramic-tiles factory. During all these 
years numerous small collections by miners and amateurs 
were created.
Most paleontological discoveries were made in the 
main quarry, called “Les Grelins” (Fig. 1C, site a), located 
at the northwestern edge of the original maar crater. This 
quarry was transformed into a pond in the 1960s. Another 
important quarry, which was situated adjacent to the local 
river, “La Mer” (Fig. 1C, site b), was backfilled and is now 
overlain by a road. However, these sites represent only a 
small portion of the presumed extent of the former maar 
lake.
Soon after the industrial exploitation ceased, the site 
of “Les Grelins” was frequented by collectors of fossils. 
In order to protect the paleontological heritage, the 
municipal council issued an ordinance in 1979 prohibiting 
the collection of fossils (“Arrêté municipal du 22 juin 
1979”). In parallel, a local museum was created with the 
support of a local paleontological association (Le Cercle 
de Paléontologie Bernard Palissy) and the Muséum 
National d’Histoire Naturelle (MNHN) in Paris. Also, 
in the 1980s, collection of fossils in the historical quarry 
of Menat was restricted in order to protect the small site 
for future scientific excavations. A few excavations were, 
then, organized by paleontologists from the MNHN (see 
Russell, 1982), focused on the quarry of “Les Grelins.” In 
1988, part of the historical site became a Regional Natural 
Reserve (RNR 84) and, from then on, no institutional 
excavations have taken place at “Les Grelins”.
Between 1996 and 2008, in collaboration with the 
municipality of Menat, the paleontological association 
Rhinopolis organized short excavations in the historical 
quarry. Simultaneously, Rhinopolis opened a new site 
called “Maison de retraite” (Fig. 1C, site e) between 2004 
and 2008. In 2009, the municipality of Menat established 
a new collaboration with the association Paléovergne for 
the preservation and enhancement of its paleontological 
heritage. In the context of this partnership, the two 
aforementioned sites were visited regularly until 2010, 
when the “Maison de retraite” site was used to construct a 
retirement home and a new site, “Les Lavandes” (Fig. 1C, 
site c), was opened in 2011. These excavations yielded 
numerous insects and plants but also new fossil birds 
and fishes (e.g. Jensen, 2008; Kirejtshuk et al., 2010; Nel 
et al., 2010b). Moreover, a well-preserved specimen of 
a small reptile (choristodere) was found in 2000 at the 
historical site “Les Grelins” (Matsumoto et al., 2013).
In 2012, a team of the Senckenberg Forschungsinstitut 
und Naturmuseum Frankfurt, in collaboration with the 
organizations Eldonia and Epona, investigated a test pit, 
“Menat 1” (Fig. 1C, site g), at the eastern margin of the 
former maar lake. These excavations led to measuring 
the first stratigraphic log in this site and the discovery of 
new fossils. In 2013 and 2014 another test pit, “Menat 2” 
(Fig. 1C, site f), was opened at the northeastern margin 
of the former maar lake. Also in 2014, a few samples of 
laminated claystones from the so-called “Stream site” 
(Fig. 1C, site d), were taken. More details on the first 
results from these excavations are given below, in the 
section “New data on the fossil site Menat”.
The most comprehensive paleontological study of 
Menat was made by Piton (1940), which provides a 
good basis for further work, but many of his taxonomic 
identifications must be revised and updated. Unfortunately, 
many of the specimens he investigated were lost, especially 
during World War II. Some holotypes are scattered 
in different collections, mainly in the Laboratoire de 
Paléontologie of the Muséum National d’Histoire Naturelle 
(MNHN) (see Appendix I). To the best of our knowledge, 
a comprehensive list on the repository institutions of the 
Menat fossils has not been elaborated before.
Since Piton’s (1940) work, several thousands of 
new fossils have been collected by the Rhinopolis, 
Paléovergne, and Eldonia organizations, as well as by 
researchers from the MNHN (A. Nel, R. Garrouste, J. 
Gaudant), Senckenberg Museum Frankfurt (Germany) 
and private collectors. Fossils collected by Rhinopolis 
and Paléovergne are mainly housed in the local Musée de 
Menat (MNT), while fossils found by the Senckenberg 
and MNHN research teams are deposited at the Epona 
building in Menat and at the MNHN (Paris). Fossils 
from Menat are also housed in the following collections: 
Muséum d’Histoire Naturelle Henri Lecoq in Clermont-
Ferrand (MHNHL), Naturhistorisches Museum Basel 
(NHM, Switzerland); Collections de Géologie of 
the Université Lyon 1 (UCBL-FSL), Maarmuseum 
Manderscheid in Germany, Senckenberg Museum 
Frankfurt (see Appendix I).
Flora
Fossil plants were reported since the 19th century from 
Menat (e.g. Brongniart, 1828; Lecoq, 1829; Heer, 1859; 
Saporta and Marion, 1885). A first revision of the flora was 
published by Laurent (1912a) with only a few subsequent 
taxonomic additions (e.g. Laurent, 1912b, 1919). Besides 
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these studies, there is one more recent revision of the 
flora by Piton (1940). Part of Piton’s plant fossils are now 
deposited at the MNHN (Wappler et al., 2009 supplement). 
This flora still forms one of the pillars of our current 
interpretation of Paleocene vegetation in western and 
central Europe (Mai, 1995). According to Mai (1995) the 
flora from Menat represents the first evidence of a supposed 
invasion of Arcto-Tertiary elements (e.g. Alnus, Corylus, 
Glyptostrobus, Lindera, Macclintockia, Menispermum, 
Platanus, Quercus Sect. Rubrae, Salix, Ulmus, tilioid 
and caryoid pollen grains) into European floras as well as 
the earliest occurrence of a Mixed Mesophytic Forest in 
Europe. Thus, Menat is considered as a key locality for 
the understanding of plant evolution in western and central 
Europe. However, most identifications of plant fossils by 
Laurent (1912a, 1912b, 1919) and Piton (1940), on which 
all interpretations are based, must be seen as questionable 
and/or outdated. In addition, nothing is known about the 
plant taphonomy of this locality.
The palynology from Menat was investigated by 
Kedves (1967) and Kedves and Russell (1982), and a first 
biostratigraphic interpretation by these authors, as well 
as by Krutzsch (1967), supported a Paleocene age of the 
sedimentary rocks.
So far, identifications of plant megafossils are solely 
based on morphological data and no information from 
fossil cuticles is available in the literature. Most of the 
material in historical collections derives from relatively 
hard, partly silicified claystone, which could be collected 
without difficulty. Fossils originating from clays, which 
were not silicified, are more difficult to sample because 
these beds are wet and soft, fossil specimens are fragile 
and must be dried slowly before they can be integrated into 
a collection.
A study of the megaflora of Menat and its insect-
feeding damage showed that the diversity of both is very 
high in comparison to coeval North American localities 
(Wappler et al., 2009). Recent field investigations made 
by A. Nel and R. Garrouste strongly suggest that this 
diversity is even higher than what was found on the 
basis of partial collections, as nearly all the leaves show 
very diverse traces of insect activities, which is highly 
unusual by comparison with Late Eocene and Oligocene 
sites in southern France. Wappler et al. (2009) concluded 
that Paleogene fossil sites of Europe were not very much 
affected by the end-Cretaceous event, probably due to 
the large geographical distance to the Chicxulub impact 
site. This should be tested by work on the Eisleben and 
Gelinden floras, which are probably older than Menat 
(Mai, 1995), although Wappler et al. (2009) claimed that 
Menat is the oldest well-preserved Paleocene flora in 
Europe.
Insects
Menat has yielded fossil insects of varying quality of 
preservation. Recent investigations have shown that the 
insect abundance is very high in certain beds (see section 
“Preservation of plants and insects”). The first insect 
discoveries were made by Heer (1861, pg.: 117) and 
Bruyant (1902). The only comprehensive investigation of 
the insect fauna was presented by Piton (1940). He showed 
that the insect oryctocoenosis from Menat comprises 
numerous species, with the most abundant insect groups 
being beetles (Coleoptera) and cockroaches (Blattodea). 
The work by Piton (1940) is a good basis for further 
entomological study, but many of his identifications need 
revision (e.g. Balazuc and Descarpentries, 1964; Nel, 
1988, 1992; Boulard and Nel, 1990; Nel and Roy, 1996; 
Nel and Petrulevicius, 2003).
Mayflies (Ephemeroptera) and all other aquatic 
insects appear to be rarer in Menat than previously 
thought (Nel and Roy, 1996). Odonata are quite rare; two 
fossils were attributed to this order by Piton (1940), i.e. 
a supposed member of Lestidae that is in fact an insect 
of uncertain affinities and an abdomen of Anisoptera. 
Additional records of Odonata are the megapodagrionid 
Thanetophilosina menatensis Nel et al., 1997, the 
‘amphipterygid’ Valerea multicellulata Garrouste et al., 
2016a and a few recently discovered, undescribed wings 
(A. Nel). Small undescribed trichopteran larval cases, 
built with quartz grains, are relatively common. Gerrid 
bugs are also quite common, with at least ten specimens 
of Cylindrostethus gaudanti HartuNG et al., 2016, the 
first cylindrostethine fossil known worldwide. A member 
of the water-living Gyrinidae (Coleoptera) described by 
Piton (1940) was revised by Nel (1989). The scarcity of 
aquatic insects is a general feature of western European 
Cenozoic-compression entomofaunas (Nel, 1991), 
including Messel and Enspel (Wedmann, 2000; Wedmann 
et al., 2010; S. Wedmann, 2015, personal observation).
Nel and Roy (1996) identified several wing fragments 
that were formerly attributed to mayflies as mantids 
(Mantodea). Reinvestigation revealed chaeteessid 
mantids, which today only occur in the Neotropics, but 
were formerly much more widespread (Nel and Roy, 
1996).
Among Hymenoptera (bees, ants and related groups), 
a fossil horntail wasp was described as an extinct genus 
(Piton, 1940), but after re-study it could be placed in 
the living genus Urocerus (Nel, 1988). Four records of 
this horntail wasp species are known now from Menat, 
which is very unusual and probably indicates that these 
insects were abundant near the former lake (Wedmann 
et al., 2014). An isolated insect wing was described as 
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belonging to the assassin bugs (Heteroptera: Reduviidae) 
by Piton (1940), but Nel (1992) showed that this wing 
belongs to Argidae or Pterygophoridae, which are basal 
symphytan hymenopterans. Four other symphytan wasps 
have been recently discovered by some of the authors 
(A. Nel and R. Garrouste). Protobombus hirsutus PitoN, 
1940 was originally described as the oldest fossil record 
of bumblebees (Hymenoptera: Apidae), but Nel and 
Petrulevicius (2003) showed it to be a megachilid bee. 
Wedmann et al. (2009) indirectly confirmed the presence 
of megachilid leaf-cutter bees from an excision in a leaf. 
The fossil bee Paleohabropoda oudardi, which was 
recently described from Menat (Michez et al., 2009), 
clearly belongs to an extant tribe, and is very close to an 
extant genus, thus indicating evolution towards modern 
bee genera as early as in the Paleocene. At least three 
other bee specimens have been recently discovered by 
A. Nel and R. Garrouste, and are yet to be described. 
Nel and Auvray (2006) reported the oldest record of an 
extant subfamily of wasps (Hymenoptera: Vespidae: 
Vespinae) based on a fossil from Menat. The same taxon 
was also recorded from the Eocene Baltic amber and 
from the Late Eocene of Florissant (North America), 
which documents a wide geographic distribution in the 
Paleogene. A wasp fossil awaits further investigation 
(Fig. 2A). A rhopalosomatid was recorded in Menat 
illustrates the widespread occurrence of this group in 
the Paleocene (Nel et al., 2010b). The first Cenozoic 
roproniid wasp was also recently described under the 
name of Paleoropronia salamonei Garrouste et al., 
2016b.
Fossils of flies and midges (Diptera) are very rare 
in Menat and constitute only about 2% of the insect 
oryctocoenosis (Nel, 2008). In the Eocene maar lakes 
of Messel (S. Wedmann, 2017, personal observation) 
and Eckfeld (Wappler, 2003) they are also very rare, 
due to taphonomic reasons. Nectoux (1981–1982) 
recorded a tipulid midge (Diptera) from Menat without 
providing a more precise determination. A fossil bee fly 
(Diptera: Bombyliidae) and a species of Plecia (Diptera: 
Bibionidae) have been recorded by Nel (2007, 2008). A 
well-preserved robber fly (Diptera: Asilidae) was found 
in recent years but is still undescribed (Fig. 2B).
Plant-hoppers (Hemiptera: Auchenorrhyncha) are 
more common than flies. Some specimens have been 
described by Swedo et al. (2006) and Stroinski and 
Swedo (2012). 
Beetles (Coleoptera) are among the most common 
insects, especially weevils (Curculionoidea) (Legalov et 
al., 2017) and jewel beetles (Buprestidae) (Piton, 1940). 
Archostematan beetles (Cupedidae) are taxonomically 
diverse (Kirejtshuk et al., 2010, 2016).
Vertebrates
The most common fossil vertebrates at Menat are fishes 
(Fig. 3), which have been studied since the early 19th century 
(e.g. Agassiz, 1833–1844; Brongniart, 1880; Priem, 1914; 
Piton, 1940). Like fossil insects, fossil fishes present 
different states of preservation, from strongly-weathered 
specimens in nodules to complete specimens in clay. The 
ichthyofauna from Menat is less diverse than originally 
assumed by Piton (1940). Gaudant (1979) revised the fish 
fauna from Menat and identified three species belonging 
to Amiidae, Thaumaturidae and Percichthyidae. Two of 
these groups, Amiidae and Thaumaturidae, are also found 
in Messel, suggesting that the basic components of the fish 
fauna in maar lakes were similar from the Paleocene to Late 
Eocene (Gaudant, 2000). Cyclurus valenciennesi is, with a 
length of 45cm, by far the largest fish from Menat. It was 
originally assigned to the recent genus Amia, but placed in 
Cyclurus by Gaudant (1987). This species is not abundant 
in Menat and is usually only represented by isolated scales, 
according to Gaudant (2014, personal communication). 
The Thaumaturidae show a high variability, which led 
Piton (1940) to differentiate three species. Gaudant (1979) 
discussed their diagnostic characters and concluded that 
only one species occurred, Thaumaturus brongniarti 
(Fig. 3A). The family Percichthyidae is represented by 
Properca angusta (Fig. 3B). Cyclurus and Thaumaturus 
point to a limnic context in Menat, whereas Properca can 
also occur in brackish water.
The basal tetrapods of Menat comprise at least six species 
–an amphibian, a squamate, a choristodere, two turtles and a 
crocodylian– although half of these specimens are lost. It is 
noteworthy that most of these tetrapods, with the exception 
of the squamate, were animals closely associated with 
freshwater. The amphibian was known from a single anuran 
skeleton that Piton (1940) had seen but not studied, nor did 
he know whose collection it belonged to. He recalled that 
it was about the size of Rana temporaria but with longer 
hindlimbs (femur and tibia) and assigned it to Ranidae. The 
squamate was also known from a single specimen, a partial 
mandible (dentary, coronoid and parts of the angular and 
surangular) briefly described by Piton (1940, fig. 105) as the 
new species (and nomen nudum) Proiguana loevidens. The 
specimen, now presumably lost, had unicuspid teeth and 
was favorably compared to the Quercy taxon Proiguana 
europaea (now synonymized with Plesiolacerta lydekkeri). 
The choristodere specimen, collection-no. BDL 1819 of 
the Musée de Menat (MNT), was recently described by 
Matsumoto et al. (2013) and referred to as Lazarussuchus 
sp. based on a large number of cranial and postcranial 
characters. These authors noted several differences 
between BDL 1819 and the type species, L. inexpectatus, 
but declined to name a new species due to the inadequate 
preservation of the former. BDL 1819 is the oldest record of 
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the genus, while the lineage of choristoderes extends back to 
the uppermost Jurassic (Matsumoto et al., 2013). The only 
crocodylian reported from Menat was a partial skeleton 
that Piton (1937) described as Menatalligator bergouniouxi 
(Fig. 4A, modified from a photograph, pl. XXII in Piton, 
1940). The type and only known specimen has been lost, 
but he regarded it as similar to, but more primitive than, the 
Oligocene Diplocynodon from the Massif Central. Notably, 
the specimen had remains of a fish (“Amia”) in its stomach. 
Menatalligator was very briefly discussed by Martin et al. 
(2014).
The fossil turtles of Menat have a complicated history. 
Piton (1937, 1940) briefly described three specimens, all 
of which he assigned to Trionyx sp. and only one of which 
can presently be accounted for. These specimens are now 
recognized as belonging to two unrelated taxa. The first 
species is represented by a single specimen, FSL 532 267, 
one of Piton’s (1940) two partial carapaces. It was later 
re-identified as Compsemys cf. victa (De Broin, 1977) 
and recently described as the holotype of the new species 
Berruchelus russelli by Pérez-García (2012). Berruchelus 
russelli is diagnosed by several autapomorphies of the shell 
and interpreted as the sister-lineage of North American 
Compsemys victa, and more distantly to Baenidae. The 
second species is undoubtedly referable to Trionychidae. 
Piton (1940, pl. XVI, fig. 1, reproduced here as Fig. 4B) 
illustrated the skull of one specimen and stated that a 
partial shell, poorly preserved, was associated with it. The 
specimen is presumed to be lost.
Although many early bird lineages became extinct 
at the K/Pg event, modern birds underwent a radiation 
after that event, filling available niches and contributing 
to the ecological diversification process (e.g. Longrich et 
al., 2011; Brusatte et al., 2015). This is noticeable also at 
Menat, where up to ten bird specimens were discovered 
(Launay, 1908; Piton, 1940; Jensen, 2008; Mayr et 
al., 2018). In a Master’s Thesis by Jensen (2008) seven 
specimens were recorded, of which one was considered 
lost. Unfortunately, the preservation is often fragmentary. 
Some specimens show feathers, which were preserved as 
carbonaceous impressions. The poor preservation did not 
allow a reliable identification. Some characters suggested 
that the fossil birds comprise both aquatic, semi-aquatic 
and terrestrial taxa (Jensen, 2008). New taxonomic records 
are given by Mayr et al. (2018).
Very few fossil mammals are known from Menat (see 
Piton, 1940; Guth, 1962), most of them were found during 
the first half of the 20th century; the youngest was first 
described in the 1960’s. Their articulated skeletons, together 
with the preservation of body outlines and hair (Figs. 5 
and 6), led some French paleontologists (E. Gheerbrant, S. 
Steyer from the MNHN, personal communication, 2012) to 
give the nickname “French Messel” to the paleontological 
site Menat. Doubtless, the most controversial fossil mammal 
is Menatotherium insigne PitoN, 1940 (Fig. 5A–C). This 
specimen consists of two parts, one of which is housed 
in the Natural History Museum of Basel (Switzerland), 
while the other is on loan to the MNHN, corresponding to 
a partial skeleton with preserved skull and with remains 
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FiGure 2. Fossil insects from Menat: A) undescribed wasp 
(Hymenoptera: Vespidae), B) undescribed robber fly (Diptera: 
Asilidae), both from the collection of the Musée de Menat.
FiGure 3. Fossil fishes from Menat: A) Thaumaturus brongniarti, found 
in a silicified claystone at “Menat 1”, collection no. SMF-P-10094. B) 
Properca angusta, from organic-rich clay at “Stream site”, collection 
no. MNT-14-7565a.
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of the fur. Simpson (1948) expressed doubts about its 
classification as a tillodont by Piton (1940) and Russell 
(1967) subsequently recognized its affinities with the genus 
Plesiadapis, a plesiadapiform (stem primate). In particular, 
the enlarged, procumbent and pointed lower central incisors, 
the procumbent multi-cusped upper incisors, the reduced 
(upper) and absent (lower) canines, well-developed talonid 
basins on the lower molars, the enlarged hypoconulid on m3, 
the presence of a postprotocingulum on the P4 (termed “fort 
bourrelet postérieur” by Russell, 1967, pg.: 485), and the 
lack of a postorbital bar are characteristics of plesiadapids 
(see Silcox and Gunnell, 2008 and references therein). 
Moreover, according to Russell (1967), this fossil alone 
would support a Paleocene age for the fossil site.
Another exceptional specimen, now in the collection of 
the MNHN, was found after Piton’s (1940) Thesis and was 
described by Guth (1962). It consists of a complete, articulated 
skeleton with fur outline (single hairs can be distinguished in 
places) and with stomach contents that were never analyzed 
(Fig. 6A; B). But if at first sight only the tip of the snout 
seems to be missing, closer examination reveals that most of 
the bones are not preserved, but only their external molds. 
The specimen was originally described as an “insectivore” 
close to the genus “Ictops” (=Leptictis), a leptictid known 
from North America (e.g. Gunnell et al., 2008). However, 
preliminary work on photographic material casts some doubts 
on this identification, in particular the limb proportions are 
evidence of immaturity of the individual. A re-evaluation 
of the specimen, including additional comparative material 
–particularly postcrania of leptictids (see Rose, 1999) and 
eulipotyphlans, especially those of Amphilemuridae (Maier, 
1979; Dunn and Rasmussen, 2009)– would be advisable. In 
addition to Plesiadapis insigne and this “insectivore”, Piton 
(1940) reported two other mammals, a presumed carnivore, 
Cynodictis sp. (collection of UCBL-FSL, Lyon; Fig. 5D) 
and a presumed rodent, Sciuroides sp. (collection of MNHN; 
Fig. 6C; D). However, both specimens lack the skull, making 
identifications by Piton (1940) very problematic. 
NEW DATA ON THE FOSSIL SITE MENAT
Lithology
The site “Menat 1”, located near the eastern border of 
the former maar lake (Fig. 1C, site g), was investigated in 
collaboration with the organization Eldonia and the support 
of Epona. The first geological profile for the site “Menat 1” 
was compiled in 2012 and is shown in Figure 7. Previously, 
the fossils from Menat were collected without supplying 
any stratigraphic information. For instance, in the case of 
the specimens housed in the collection of the local Musée 
de Menat, the names of localities are given without further 
stratigraphic information.
A
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FiGure 4. Fossil reptiles from Menat described and figured by Piton 
(1940), which are presumably lost. A) Crocodylian, described as 
Menatalligator bergouniouxi, body in dorsal view; B) Trionychid turtle 
skull in left dorso-lateral view (no scale bar published, skull length of 
approximately 7cm) (Piton 1940, pg.: 276).
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FiGure 5. Fossil mammals from Menat. A) Plate A (MNHN Paris), with B) details of the head, and C) Plate B (NHM Basel) of Plesiadapis (Menatotherium) 
insigne; D) A putative carnivoran (?Cynodictis). Photographs A and B by P. Loubry. Photograph C by S. Hervet. Photograph D by S. Schaal.
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FiGure 6. Fossil mammals from Menat. A and B) Full specimen and details of the head of the “insectivore” (?Leptictis); C and D) Plate A and B of a 
putative rodent (?Sciuroides). Photographs A and B by P. Loubry. Photographs C and D by S. Hervet.
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“Menat 1” shows an intercalation of clay with nine 
hard, silicified claystone beds, 3 to 20cm-thick (Fig. 7). 
The stratigraphic log shows a thickness of 5.82m and can 
be followed laterally throughout the digging site. Clay beds 
are strongly weathered at the top. The originally organic-
rich black clay, known from the outcrop “Stream site” (see 
below), shows a brownish color in the whole excavation site 
“Menat 1”. The hard silicified claystones are greyish, shifting 
into light grey to white. While, in terms of morphology, the 
preservation of plants and fishes in silicified beds is quite 
good, it is poor in weathered clay.
In 2013 and 2014 field excavations were conducted at 
the new site “Menat 2”, located near the eastern entrance to 
the village Menat at 46°06’21.9”N, 002°54’38.0”E, (Fig. 
1C, site f). Wet chunks of clay were extracted and dried 
under tents for several days before they could be split and 
examined for fossils. In the upper beds of the stratigraphic log, 
unconsolidated clays were strongly weathered and broken 
up by numerous minor joints. As expected, the degree of 
weathering of the clay diminished noticeably in deeper levels.
Fossils recovered during these excavations were housed 
in the Epona building in Menat. They comprise over 1000 
specimens, mainly plants (about 80%) and, to a much 
lesser extent, insects (less than 10%) and coprolites and 
fish remains (both about 5%). The preservation quality of 
the fossils, in general, is rather poor, as discussed in more 
detail below.
Correlation suggests that the deposits of “Menat 2” are 
about 20m above those of “Menat 1”. The stratigraphic log of 
site “Menat 2” is 6m-thick (Fig. 8) and deeply weathered at the 
top. Below this weathered horizon, we divided the stratigraphic 
log into three intervals; A, B and C. In the basalmost interval A, 
from 0 to 1.68m, clays are dark grey to black, finely laminated 
and can easily be split without drying. These dark grey to black 
clays seem to be only weakly weathered. Interval B, from 
1.68m to 3.05m, is formed by grey to dark grey clay. At 3.05m, 
the clay was interrupted by a hard-silicified claystone only a 
few centimeters-thick, called level BC. Such hard beds occur at 
different excavation sites and stratigraphic positions in Menat 
(e.g. the stratigraphic log of “Menat 1”) and probably do not 
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FiGure 7. Stratigraphic log of site “Menat 1”, done in June 2012. Hard silicified claystone (even numbers) and clay beds (odd numbers) have different 
consistent thicknesses. The white pieces scattered all over the site are touch-dry plates of silicified claystone. 
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correspond to diatomites, as they show no evidence of diatoms 
neither under light-microscope nor under the Scanning Electron 
Microscope (SEM). In interval C, from about 3 to 3.95m in 
the stratigraphic log, the lamination is recognizable and the 
clays could be split quite well after a few days of drying. The 
uppermost clay of this excavation site is brownish and strongly 
weathered, the organic content appears to decrease and the 
lamination is only recognizable after drying.
The preservation of organic matter differs strongly between 
different sites and stratigraphic levels. At “Menat 2“, the 
uppermost 2–3m were in an advanced state of soil development 
and few fossils could be collected. They were mostly limited 
to impressions of plant and insect fossils, without any trace 
of organic matter. In lower levels, the lamination and fossil 
preservation became better, particularly in level A, where a 
higher number of fossils preserved organic matter.
During a field survey in 2014, another site was identified 
near the small stream traversing the village. Some samples of 
organic-rich clays were collected at 46°06.282’N, 002°54.370’E 
with permission of the municipality of Menat. At this survey 
point, which we call the “Stream site,” the preservation of the 
fossils was much better than in the test sites “Menat 1” and 
“Menat 2”. Most likely, this new site is correlated with the 
section excavated in the quarry “Les Grelins” and the quarry 
“La Mer”, now overlain by a road, on the other river side.
Preservation of plants and insects
In all weathered deposits exposed near the surface, 
as well as in the silicified claystone, most plant fossils 
are preserved as impressions, with virtually no organic 
matter. Examples are leaves of cf. Quercus sp. (Fig. 9A), 
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FiGure 8. Exposed deposits of excavation site “Menat 2” illustrated as a stratigraphic column, presented here in three rows. The basalmost section was 
below the water level. The sequence is divided into the three intervals A, B, C (differentiated in the text) and the uppermost strongly weathered horizon.
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“Cinnamonum” martyi Fritel (Fig. 9B), Dryophyllum 
dewalquei saPorta et MarioN (Fig. 9C), and “Corylus” 
macquarrii (Forbes) Heer (Fig. 9D) from localities 
“Menat 1” and “Menat 2.”
In contrast, charcoal occurs mostly as compressions, 
even in weathered levels, since it is chemically stable and 
can be less easily oxidized and dissolved than other organic 
remains. Large pieces of charred wood, up to 15cm across, 
with excellent anatomical preservation (Fig. 10A; B), were 
found in some horizons, whereas smaller pieces, down to 
isolated tracheids of fragmented charcoal (Fig. 10C), were 
frequent in all lithologies analyzed so far. Investigated with 
SEM, specimens show homogenized cell walls, a feature 
characteristic of charred plant remains (Scott, 2000, 2010). 
In many horizons, charcoal is impregnated with silica, 
hampering a more detailed anatomical study. All charcoal 
samples investigated so far represent most probably 
conifers. A number of fern remains are also preserved as 
charcoal (Fig. 10D), with excellently preserved anatomical 
details (Fig. 10E).
Non-weathered deposits, such as organic-rich clay 
cropping out in horizons A and B from “Menat 2” (Fig. 8), 
contain cuticles and other organic remains (Figs. 9E and 
11). Examples are an achene of a plant originally described 
from Menat as Atriplex borealis (Heer) laureNt (Fig. 
9E), which probably represents Palaeocarpinus Crane 
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FiGure 9. Fossil angiosperms from Menat. A) cf. Quercus sp.; B) “Cinnamonum” martyi Fritel; C) Dryophyllum dewalquei Saporta and Marion; D) “Corylus” 
macquarrii (ForbeS) Heer; E) “Atriplex” borealis Heer (cf. Palaeocarpinus sp.); A–D housed in the Epona building in Menat, E housed in the Musée de Menat. 
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and a short shoot of cf. Sequoia langsdorffii (broNGNiart) 
Heer (Fig. 11C) from the “Stream site”.
Tridimensional woody remains like shoots (Fig. 11) are 
also preserved in the same deposits. Plant cell structures, 
such as stomata, epidermal and mesophyll cells, can be also 
observed in impressions and, in several cases, plant fossils are 
permineralized by yellow to reddish minerals (Fig. 11C; D).
Impressions of flowers in different lithologies have 
long been known from the outcrops of Menat (e.g. Laurent, 
1912a; Piton, 1940), but detailed studies of such remains 
were not carried out yet. Flowers can bear excellently 
preserved pollen in their anthers (Fig. 11A; B). In sum, plant 
impressions, anatomically preserved plant remains, and in 
situ pollen suggest that there is a high potential for further 
study.
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FiGure 10. Various plant fossils from Menat. A) Large piece of woody charcoal; B) SEM microphotograph of charred wood in tangential view; 
C) Impression of cf. Platanus schimperi (Heer) Saporta and Marion with numerous small pieces of charcoal; D) SEM microphotograph of a 
fragment of a charred fern pinnule; E) Detail of D showing three-dimensionally preserved parenchyma and veins. All fossils are housed in the 
Epona building in Menat.
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During the excavations at “Menat 2” insects were 
not abundant and often not well-preserved. Most of them 
are impressions with little or without organic matter, but 
preserving sometimes rich details (Fig. 12). However, in level 
A at “Menat 2” the proportion of insects with organic matter 
increased. As for plants, the degree of preservation of organic 
matter in insects is correlated with the weathering degree of 
the different horizons.
Among the insects found on-site at “Menat 1” and 
“Menat 2”, a significant proportion were beetles (Coleoptera), 
commonly weevils (Curculionoidea) (Fig. 12A; B), leaf 
beetles (Chrysomelidae) (Fig. 12E) and jewel beetles 
(Buprestidae). There was one rare record of an isolated wing 
of a woodwasp (Hymenoptera, Siricidae) (Fig. 12D) probably 
Urocerus ligniticus (PitoN, 1940) based on wing venation. 
Woodwasps are generally very rare, but in Menat they appear 
to be more abundant (Wedmann et al., 2014).
Investigations of slabs of clay from the historical quarry 
“Les Grelins” and from “Maison de retraite”, which were 
dried for several weeks before splitting them, showed that 
the insect richness can be extraordinarily high. We estimate 
that ca. 3000 insects can be found in one cubic meter of these 
deposits, which is an order of magnitude higher than in the 
well-known Oligocene locality of Céreste (southern France) 
(R. Garrouste and A. Nel, 2017, personal observation).
Samples collected at the new “Stream site” outcrop 
display a better preservation than those from “Menat 2” (Fig. 
13). The insect body is well-preserved as an organic film (e.g. 
Fig. 13A), and well-preserved wing venation allowed for 
determination of a mydid fly (Diptera, Mydidae) (Fig. 13B).
New data on insects
A database of 4622 insects has been created at MNHN (A. 
Nel and R. Garrouste) including specimens from the MNT 
and recent MNHN collections. The database provides the 
systematic placement of the fossil at order and family levels, 
and the outcrop from which it was collected. Coleoptera was 
the dominant order with 77.5% of the specimens collected, 
and consisting of very small specimens (2–6mm), with an 
overrepresentation of Curculionoidea (about 50%). Surprisingly, 
Hemiptera are the second most-abundant group, with 8% of 
specimens. With more than 6% of specimens, Blattodea are 
2
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FiGure 11. Fossil plants from Menat. A) Flower with pollen in anthers; B) SEM microphotograph of in situ pollen from specimen figured in A; 
C) Conifer remain with three-dimensional preservation, cf. Sequoia langsdorffi (brongniart) Heer; D) SEM microphotograph of tracheids from 
specimen figured in C). All fossils are housed in the Musée de Menat.
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also well represented. Other orders are Orthoptera (2.5%), 
Hymenoptera (2.1%), Lepidoptera (1.8%, with some doubtful 
specimens), and Diptera (1.8%). Orders with less than 1% are: 
Odonata, Trichoptera, Ephemeroptera, Dermaptera, Mantodea, 
Neuroptera and, perhaps, one specimen from Isoptera.
Taphonomy, rather than community functioning, is the 
main influence for this unusual composition, with beetles 
strongly dominating over all other orders.
New data on fishes and turtles
Only 10% of the fossil specimens collected at “Menat 
1” and “Menat 2” between 2012 and 2014, which are now 
housed in the Epona building in Menat, are fishes. The family 
Percichthyidae, represented by Properca angusta, represents 
more than 50% of these fishes. Thaumaturus brongniarti was 
also commonly found, with dozens of specimens of up to 7.5cm-
long. Specimens of Cyclurus valenciennesi are rarely found 
A B
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FiGure 12. Fossil insects from Menat. A and B) Imprint of an undescribed weevil (Coleoptera: Curculionoidea). C) Wing remain of a grasshopper 
(Orthoptera: Caelifera). D) Wing remain of a wood wasp (Hymenoptera: Siricidae). E) Leaf beetle (Coleoptera: Chrysomelidae). All fossils are housed 
in the Epona building in Menat.
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and usually only represented by isolated scales, as identified by 
J. Gaudant (2014, personal communication). One individual of 
this species, of an estimated length of 30cm, consists of a part of 
the torso, backbone with scales and intestine contents.
A new turtle specimen was discovered and is deposited 
in the private collection Escuillié at Gannat (France). The 
distinctive pit-and-ridge sculpturing of the carapace elements 
(Fig. 14A; B) and the loss of the peripheral bones demonstrate 
that it belongs to the clade Trionychidae. Large portions of 
the plastron are preserved and seen in dorsal view, as well as 
a few poorly-preserved remnants of the carapace cover the 
plastron and the limb bones in places (Fig. 14C; D). The left 
posterolateral limb of the entoplastron is narrow and, were it 
complete, probably boomerang-shaped. Its proportions are 
similar to those in extant Apalone, which lacks a callosity. The 
hyoplastron and hypoplastron are fused, unlike in specimens 
referred to Rafaetoides (Karl, 1998). Their medial margins, 
especially that of the right element, are poorly-preserved but, 
assuming they are not significantly displaced, they did not 
contact one another along the midline. The medial margin of 
the left element shows a strong bulge at mid-length. The lateral 
hyoplastral process appears to be single, as in Apalone, whereas 
the lateral hypoplastral process is double, which corresponds to 
the primitive condition. The anterior margin of the hyoplastron 
and posterior margin of the hypoplastron are strongly 
concave, as in Trionychinae. The xiphiplastra are separate. 
The articulation with the hypoplastron appears to be of the 
trionychine type (Meylan, 1987), with the xiphiplastra lateral 
to the hypoplastra, as indicated by the combined morphology 
of the left and right elements. The xiphiplastra articulated with 
one another anteriorly along a short zone of interdigitation. 
Each possesses a long, tapering, posteromedial process, as in 
Apalone but not Pelodiscus. The left femur is well-preserved. 
The right hindlimb is more complete, comprising pubis, femur, 
tibia and fibula, but these bones are not well exposed.
Paleoenvironment
The occurrence of soot and charcoal in almost all horizons 
at Menat testifies the frequent occurrence of wildfires during 
the Paleocene in the vicinity of the Menat lake. So far, there are 
only a few records of Paleocene wildfires and they are mostly 
restricted to coal forming environments (Collinson et al., 2007, 
2009; Diessel, 2010; Robson et al., 2015). Studies on profiles 
spanning the Paleocene–Eocene boundary have shown that fire 
regimes changed during this period, leading to less frequent 
but more serious fires during the Eocene (e.g. Collinson et 
al., 2007, 2009; Robson et al., 2015). Therefore, Menat is an 
excellent locality in which to study the regional development 
of fire regimes during the Paleocene and its relationships to 
climatic and other environmental changes.
CONCLUSIONS
Menat is a significant Paleocene Konservat-Lagerstätte 
in Europe, yielding well-preserved plant, invertebrate and 
vertebrate fossils. The different fossil collections from Menat, 
partly historical and partly recent, come from different 
excavation sites and beds that are difficult to correlate with each 
other. The historical collections were investigated in the first 
half of the 20th century, but these studies are now outdated and 
need revision. As regards fossil plants, new data suggest that the 
potential for taxonomic studies based on modern techniques, 
such as cuticule analysis or in situ pollen analysis, is high. 
A B
1mm 1mm
FiGure 13. Fossil insects from Menat. A) undescribed ground beetle (Coleoptera: Carabidae); B) undescribed fly (Diptera: Mydidae). Both fossils are 
from the collection of the Musée de Menat.
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More research has been done on insects in the last decades; 
several selected groups of insects have been studied after Piton 
(1940), but an updated comprehensive study of the rich insect 
oryctocoenoses is missing. Among vertebrates, fishes are the 
most frequent fossils, whereas tetrapods are very rare. Although 
meager in quantity, the quality of preservation of the fossil 
tetrapods from Menat bears a potential for groundbreaking 
discoveries. For example, one out of the four mammal fossils 
found in Menat is a primate, significant for research on primate 
evolution worldwide.
In order to understand the long-term development of 
the maar lake of Menat, a scientific drilling project should 
be conducted to reach the oldest known strata (as visible, 
for example, at “Menat 2”) and going, probably, at least 
300m-Sdeep. The resulting borehole will be crucial for new and 
high-resolution studies on the sedimentology, taphonomy, and 
palynology of the site. This would also enable the distinction of 
possible key horizons to correlate the different excavation sites 
with each other, as done before in the Messel Fossil Pit (Schaal 
and Ziegler, 1992). After this drilling project, and armed with 
a better knowledge of the stratigraphy of the maar, large-scale 
scientific excavations could be strategically planned in beds 
deep enough to skip the superficial weathering. There, organic-
rich clay, which provides the best preservation quality for 
fossil plants, insects, and vertebrates, would be reached. Such 
excavations would dramatically increase the probability to find 
very rare taxa, such as mammals. 
A B
C D
100mm
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FiGure 14. Fossil trionychid turtle specimen from Menat, housed in the private collection Escuillié, Gannat. A and B) Two portions of the carapace, 
showing the distinctive pit-and-ridge sculpturing of the dorsal surface; C and D) Nodule containing much of the plastron (seen in dorsal view), as well 
as parts of the carapace and hind-limbs. Abbreviations: c, carapace; en, entoplastron; fe, femur; fi, fibula; hyo, hyoplastron; hypo, hypoplastron; ti, 
tibia; xi, xiphiplastron; L and R, left and right element, respectively. Same scale bar applies to A and C.
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 Plants Vertebrates Insects 
X X X 
 X X X 
 X X X 
  X 
X X X 
  X  
 X  X 
  X  
Museum
Muséum National d’Histoire Naturelle
(MNHN), Paris  
Musée de Menat (MNT) 
Epona building, Menat
Muséum d’Histoire Naturelle Henri
Lecoq (MHNHL), Clermont-Ferrand   
Collections de Géologie, UMR 5276
LGLTPE – CERESE, Université 
Lyon 1, UCB–FSL, Lyon 
 
Naturhistorisches Museum Basel (NHM)
Maarmuseum Manderscheid, Germany
Senckenberg Museum, Frankfurt (SMF)
TaBle i. List of museums housing fossil specimens from Menat
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Species name, describer + year Collection, coll-no
Acmaeodera perreaui PITON, 1940 MNHN R07007
Adelocera jungi PITON, 1940 MNHN R06687
Agonum antiquum PITON, 1940 MNHN R07013
Ancistrocerus berlandi PITON, 1940 MNHN R07000
Ancistrocerus eocenicus PITON, 1940 MNHN R07006
Ancylocheira metallica PITON, 1940 MNHN R07018
Ancylocheira octomaculata PITON, 1940 MNHN R07037 (type), MNHN R07049 (figured)
Ancylocheira oligostriata PITON AND THEOBALD, 1937 MHNHL, coll. des Forest
Ancylocheira pinguis PITON, 1940 MNHN R07038
Ancylocheira violaceocyanescens PITON, 1940 MNHN R06993
Anthaxia biimpressa PITON, 1940 MNHN R07040
Aphodius charauxi PITON, 1940 MNHN R07029
Archaeophlebia enigmatica PITON, 1940 MNHN R06999
Arvernineura insignis PITON, 1940 MNHN R07020
Balaninus elegans PITON, 1940 MNHN R07010
Bembedium cyaneomicans PITON, 1940 MNHN R07231
Bolboceras inermis PITON, 1940 MNHN R07232
Chlorida magnifica PITON, 1940 MNHN R06997
Chrysochroa punctata PITON, 1940 MNHN R06994
Chrysops seguyi PITON, 1940 MNHN R07014
Cintux menatensis  STROINSKI AND SWEDO, 2012 MNHN F.A45773
Conocephalus martyi PITON, 1940 MNHN R07019
Cryptohelops menaticus NABOZHENKO AND KIREJTSHUK, 2014 MNT-05-712A
Cupes manifestus NEL AND COLLOMB, 2010 
in Kirejtshuk et al., 2010
MNT-06-902
Cupes orbiculatus NEL AND COLLOMB, 2010 
in Kirejtshuk et al., 2010
MNT-05-198
Deryeuma primordialis PITON, 1940 MNHN R07042
TaBle ii. List of insect types from Menat deposited at the Muséum National d’Histoire Naturelle, Paris, France (MNHN), at the Muséum d’Histoire 
Naturelle Henri Lecoq, Clermont-Ferrand, France (MHNHL), and at the Musée de Menat, France (MNT)
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MNHN-LP-R63891 
Paleolomatia menatensis NEL, 2008 MNHN-LP-R63892 
Paleorhopalosoma menatensis NEL, AZAR AND 
HERVET, 2010 MNT-06-3533 
Species name, describer + year Collection, coll-no
Dictyophara scudderi PITON, 1940 MNHN R07032
Ectobia menatensis PITON, 1940 MNHN R07046
Eoplaneta des foresti PITON AND THEOBALD, 1937 MHNHL, coll. des Forest
Euchroma arvernica PITON, 1940 MNHN R06995
Eurythyrea micropunctata PITON, 1940 MNHN R07033
Gorytes statzi PITON, 1940 MNHN R07009
Gyna obesa PITON, 1940 MNHN R06689
Gyretes giganteus PITON, 1940 MNHN R06998
Hammapterix eocenicus PITON, 1940 MNHN R07891
Hipporhinus ventricosus PITON, 1940 MNHN R06684
Iridotaenia hovassei PITON, 1940 MNHN R06991
Limnobia theobaldi PITON, 1940 MNHN R07008
Manevalia pachyliformis PITON, 1940 MNHN R07024
Meuniera haupti PITON, 1936 MNHN R07890
Monohammus orientalis PITON, 1940 MNHN R07237
Mnasthaia arverniorum SWEDO, BOURGOIN
AND LEFEBVRE, 2006
MNHN-LP-R63851
Myrmosa brunnea PITON, 1940 MNHN R07044
Ochrilidia lineata PITON, 1940 MNHN R07043
Odynerus manevali PITON, 1940 MNHN R07011
Orectochilus sp. (in Nel, 1989) MNHN R07723
Paleohabropoda oudardi MICHEZ AND RASMONT, 2009
in Michez et al., 2009
Orthacanthacris incertus PITON, 1940 MNHN R07017
Oxyporus impressus PITON, 1940 MNHN R07021
Palaeoncoderes eocenicus PITON AND 
THEOBALD, 1937
MNHN R06992 (type), 
MNHN R07254 (figured)
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Paleovespa menatensis NEL AND AUVRAY, 2006 MNHN 21.6 Auvray coll. 
Periplaneta houlberti PITON, 1940 MNHN R07034 
Plecia  sp indet., recorded by NEL, 2007 MNHN-LP-R63888 
Phryganaea nigripennis MNHN R07046 
Polybothris primordialis MNHN R07023 
Prionus sinuatus MNHN R07045 
Probombus hirsutus MNHN R07030 
Prochaeradodis enigmaticus MNHN R07003 
Prohepialus incertus MNHN R07025 
Prolamioides bituminosus PITON AND 
THEOBALD,1937
MNHN R04016 
Prolamioides brunneus MNHN R07031 
Prophasgonura lineatocollis MNHN R07050 
Protectobia primordialis MNHN R07233 
Protempusa incerta MNHN R07035 
Protostylopyga gigantea MNHN R07039 
Pycanum griseum MNHN R54266 
Rygchium andrei MNHN R07047 
Semiotus menatensis MNHN R07236 
Stigmodera unicolor MNHN R07022 
Termopsis piacentinii
MNHN R07027 
Thanetophilosina menatensis MNHN R55172 
Urocerus ligniticus
Eosirex 
MNHN R07004 (type), 
MNHN B47308,  
MNHN R07722 (figured) 
Zeunera madeleinae MNHN R07028, 
MNHN B47309 (figured) 
Zeunera superba MNHN R07235 (type), 
MNHN R07234 (figured) 
Zonabris immaculatus MNHN R07012 
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON, 1940
PITON AND 
THEOBALD,1937
NEL et al., 1997
(PITON, 1940), described in
PITON, 1940
PITON, 1940
PITON, 1936
Species name, describer + year Collection, coll-no
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 Current collection 
Plesiadapis “Menatotherium” 
insigne PITON, 1940)
MNHN, Paris (Plate A); 
NHM, Basel (Plate B) 
“Insectivore” (Leptictis?) MNHN, Paris 
“Rodent” (Sciuroides?) MNHN, Paris 
“Carnivore” (Cynodictis?) UCBL-FSL, Lyon 
 
Taxon
TaBle iii. List of mammal specimens from Menat and the known repository institutions (as of June 2017): Muséum National d’Histoire Naturelle 
(MNHN), Paris; Naturhistorisches Museum Basel (NHM); Collections de Géologie, UMR 5276 LGLTPE - CERESE, Université Lyon 1 (acronyme 
UCBL-FSL)
